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Dynamic SLAM approach based on panoptic segmentation
and multi-view geometry

Wang Shuang' Liu Yunping' Zhang Bingqi' Lu Xuchun' Xu Liang®
(1. School of Automation, Nanjing University of Information Science and Technology,Nanjing 210044 ,Chinaj;
2. PLA Dalian Naval Academy, Dalain 116018, China)

Abstract: When the SLAM system estimates the camera position, a large number of feature points of moving objects
participate in the feature tracking thread leading to a decrease in the accuracy and robustness of the algorithm, so how
to efficiently and accurately reject the dynamic objects in the scene is particularly important. Existing dynamic vision
SLAM algorithms may miss detecting or incorrectly recognize static objects as dynamic objects and reject them when
dealing with dynamic objects, which triggers the problem of insufficient number of static feature points, thus affecting
the stability and accuracy of the SLAM system. Therefore, this paper proposes a visual SLAM method based on
panoptic segmentation and multi-view geometry, which uses panoptic segmentation FPN network to accurately
recognize all objects in the segmented image, rejects a priori dynamic feature points and retains as many static features
as possible, based on which LK optical flow method with fused image pyramid is used to realize optical flow tracking
and reject parallel dynamic feature points, and potential dynamic feature points are used to track the dynamic feature
points. The potential dynamic feature points are rejected more effectively by the multi-view geometry method based on
dynamic probability, which avoids the omission of dynamic feature points and realizes the comprehensive screening of
dynamic objects in the scene to improve the accuracy of the system. The construction of semantic map and octree map
is realized on the basis of sparse point cloud constructed by the system. The experiments use the TUM RGB-D dataset
to verify the system localization accuracy, and the results show that the root mean square error (RMSE) of the absolute
trajectory error of this algorithm is reduced by an average of 84.34% in all sequences compared with ORB-SLAM2,
which significantly improves the robustness and accuracy of the system,and it is of use to construct two maps that can
be used for SLAM upper layer tasks.

Keywords: visual SLAM;dynamic scenes;panoptic segmentation; multi-view geometry;image pyramids;octree maps
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Table 1 Evaluation of absolute trajectory error (ATE)
o ORB-SLAM?2 AR /%
RMSE STD RMSE STD RMSE STD
walking_xyz 0.752 1 0.3759 0.0216 0.008 4 97.13 97.76
walking_static 0.390 0 0.160 2 0.006 9 0.003 0 98. 23 98.13
walking rpy 0.870 5 0.452 0 0.028 9 0.015 5 96. 68 96. 57
walking_half 0.486 3 0.229 0 0.023 4 0.011 3 95.19 95.07
sitting_static 0.008 7 0.004 3 0.005 7 0.002 7 34. 48 37.21
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Table 2 Evaluation of translational relative trajectory error (RPE)
e ORB-SLAM?2 V'S /%
RMSE STD RMSE STD RMSE STD
walking_xyz 0.412 4 0.268 4 0.011 0 0.006 0 97.33 97.76
walking_static 0.216 2 0.196 2 0.005 7 0.002 8 97. 36 98. 57
walking_rpy 0.424 9 0.316 6 0.0211 0.012 6 95.03 96. 02
walking_half 0.3550 0.2810 0.012 4 0.006 7 96. 51 96. 52
sitting_static 0.009 5 0.004 6 0.004 7 0.002 2 50. 53 51. 06
R3 REHEBEXNHIEIRE (RPE) BT
Table 3 Evaluation of rotational relative trajectory error (RPE)
- ORB-SLAM?2 A3 1/ %
RMSE STD RMSE STD RMSE STD
walking_xyz 7.743 2 4.989 5 0.384 9 0.271 3 95.03 94. 56
walking_static 3.895 8 3.509 5 0.168 4 0.084 8 95. 68 97.58
walking_rpy 8. 080 2 5.949 9 0.654 3 0.397 4 91. 90 93. 32
walking_half 7.374 4 5.755 8 0.392 4 0.204 4 94. 68 96. 45
sitting_static 0.288 1 0.124 4 0.155 1 0.082 2 46. 16 33.92
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Table 4 Evaluation of absolute trajectory error (ATE) (homogeneous algorithm)
e DS-SLAM Dyna-SLAM RDMO-SLAM RDS-SLAM A% 3
RMSE STD RMSE STD RMSE STD RMSE STD RMSE STD
walking_xyz 0.0247 0.0161 0.0164 0.0086 0.0226 0.0137 0.0281 0.0167 0.0216 0.008 4
walking_static 0.0081 0.0033 0.0068 0.0032 0.0126 0.0071 0.0419 0.0348 0.0069 0.0030
walking_rpy 0.4442 0.2350 0.0354 0.0190 0.1283 0.1047 0.1114 0.0920 0.0289 0.0155
walking_half 0.0303 0.0159 0.0296 0.0157 0.0304 0.0141 0.0282 0.0155 0.0234 0.0113
sitting_static 0.006 5 0.0033 0.0108 0.0056 0.0066 0.0033 0.0107 0.0050 0.0057 0.0027
®5 FHEXNHIERE(RPE) WM (AXBEEE)
Table 5 Evaluation of translational relative trajectory error (RPE) (homogeneous algorithm)
o DS-SLAM Dyna-SLAM RDMO-SLAM RDS-SLAM A
RMSE STD RMSE STD RMSE STD RMSE STD RMSE STD
walking_xyz 0.0333 0.0229 0.0217 0.0119 0.0299 0.0188 0.0281 0.0167 0.0110 0.0060
walking_static ~ 0.0102 0.0038 0.0089 0.0044 0.0160 0.0090 0.0419 0.0348 0.0057 0.0028
walking_rpy 0.1503 0.116 8 0.0448 0.0262 0.1396 0.1176 0.1114 0.0920 0.0211 0.0126
walking_half 0.0297 0.0152 0.0284 0.0149 0.0294 0.0130 0.0282 0.0155 0.0124 0.0067
sitting_static 0.0078 0.0038 0.0126 0.0067 0.0090 0.0040 0.0107 0.0050 0.0047 0.0022
R 6 MEHEMBXNHITIRE(RPE)WiTf(RXREZX)
Table 6 Evaluation of rotational relative trajectory error (RPE) (homogeneous algorithm)
o DS-SLAM Dyna-SLAM RDMO-SLAM RDS-SLAM A
RMSE STD RMSE STD RMSE STD RMSE STD RMSE STD
walking_xyz 0.826 6 0.2826 0.6284 0.3848 0.7990 0.5502 0.7236 0.4435 0.3849 0.2713
walking_static  0.2690 0.1215 0.2612 0.1259 0.3385 0.1612 1.1686 0.9917 0.1684 0.0848
walking_rpy 3.004 2 2.3065 0.9894 0.5701 2.5472 2.0607 9.3192 85720 0.6543 0.3974
walking_half 0.8142 0.4101 0.7842 0.4012 0.7915 0.3782 0.8216 0.4347 0.3924 0.2044
sitting_static 0.2735 0.1215 0.3416 0.1642 0.2910 0.1330 0.3091 0.1325 0.1551 0.0822
WESEAA  FRm % 4 18 8 07 98 Coccupied) L 45 I (free) A %1

& 9
Fig. 9

walking_rpy JF 5115 XX 42 5 5 L 7]

Walking_rpy sequence semantic object metrics map

.531703,0.048934)

(unknown) BRI BB . X PP 3R 7 7 RV HLAR N LIS 19
S TRV 5 A A RO T — 4 b TR, % 1 S R R R AT 45 R
WA .

Kl 10 A7E walking_rpy F¢ 51 F X 3% 5 i 47 /\ XM i
EM SR, B 10 h RGTE A Bk sh S RRAE S 1
LR R R B, T T DUE BB S i N X R S A R R
M T AR IR . TR 10(h) MR /R T 51 Bk 3 25 45 1F A5
JE P Y b BRI, T L HEBR T 3h A& T4 JE T DL B R o A
i s AT

chair,id:3:(1.965760,-0.487101,-0.470292)

v

o 157 -



5 AT & v F o

2

= i

(a) B BNARAE

(a) With dynamic features

4 it

$2 0 I T4 A3 RN 2 W B L AR vk 19 3 38 AL
SLAM 553 BE % v st P U5 Hh 3 B P AR 4 3 T3 24
Yok (L4555 P AT VW AE 9 3 25 9D vl LA SE B 4 T Y
A 5505k HEBR S W X R G TR OF S 0] g Ok
T ZFRSIFAE IS T SLAM M ER S & i, A
WSS R LW, 5 ORB-SLAM2 5535 4 1, AR U3 %
TE = B AP 50 T BEAE KR B b 48 T WL 38 SLAM & 7 1Y 4
Wt 5 a5 W] 28 Y Ay SE R B LA, AR U R T
FLREE A /NS T I BR 3 SW T 5 i KRR &
R EER R R TAE 5 5. BIRA SCRETE S S
36 SLAM U B A 847 1 R B, A SRS AE T AL 47
AN SR AR, (H R Y R A — LU T 0 B M
T3 0N T B — 2D R B E AT R O A B s Y S
P I T SR A R A\ SR b R, DL T S AL
&% 3k
(1] HE, BRzsl. L3R5 B G AN SLAM
FRLRRLT]. LR, 2021, 48(9): 223-234.
TIAN Y, CHEN H W,WANG F SH, et al. A review
of SLAM algorithms for indoor mobile robots [ ]].
Computer Science, 2021, 48(9) . 223-234.
XIAO L H, WANG J G, QIU X S, et al. Dynamic-

SLAM: Semantic monocular visual localization and

(2]

mapping based on deep learning in dynamic
environment[ J ]. Robotics and Autonomous Systems,
2019, 117. 1-16.

KOSTAVELIS 1, GARATERATOS A. Semantic
mapping for mobile robotics tasks: A survey []].

2015, 66:

(3]

Robotics and Autonomous Systems,
86-103.

(4] YU CH, LIU Z, LIU X, et al. DS-SLAM: A semantic

+ 158 -

(6]

7]

(8]

[9]

[10]

[11]

[12]

(b) RS AHHE

(b) Elimination of dynamic features

10 walking_rpy J7 511 /\ AR b 5] # 282

Fig. 10 Walking_rpy sequential octree map construction

visual slam towards dynamic environments [ C]. 2018
IEEE/RS] International
Robots and Systems(IROS). 1IEEE, 2018:1168-1174.
BESCOS B, FACIL ] M, CIVERA J, et al
DynaSLLAM: Tracking, mapping and inpainting in
dynamic scenes[ J]. IEEE Robotics and Automation
Letters, 2018, 3(4):1-1.

CUI L Y, MA CH W. SOF-SLAM: A semantic
IEEE

Conference on Intelligent

visual SLAM for dynamic environments [ J ].
Access, 2019, 7:166528-166539.

L. BRI P IA CNN 5 IMU §8 H 5
SLAM J5 ¥ b 58 [ D], db 50 v BB 2 B 2% (b [ AR
2 BE R ARG R B LS W B 52 T L 2020.

MA P. Research on monocular vision SLAM method
with joint CNN and IMU in complex environment[ D].
Beijing: University of Chinese Academy of Sciences
(Changchun Institute of Optical Precision Machinery
and Physics, Chinese Academy of Sciences) ,2020.
SONG S, LIM H, LEE A J, et al. DynaVINS: A
visual-inertial SLAM for dynamic environments[ ] ].
IEEE Robotics and Automation Letters, 2022, 7(4) .
11523-11530.

LIU Y B, MIURA J. RDS-SLAM: Real-time dynamic
SLAM using semantic segmentation methods [ ] ].
IEEE Access, 2021, 9: 23772-23785.

QIAN J, CHATRATH V., YANG ], et al.
Probabilistic

volumetric

POCD:

object-level change detection and

mapping in semi-static scenes [ J .
Robotics: Science and Systems.2022,5:11573-11588.

LIU Y B, MIURA ]J. RDMO-SLAM: Real-time visual
SLAM for dynamic environments using semantic label
prediction with optical flow[]J]. IEEE Access, 2021,
9:106981-106997.

¥, R, TAO. RSN T A& M ORB-



I R EF ATAEH>ELESABILTGHE SLAM 7 i

5524 W

[13]

[14]

[15]

[16]

SLAM2 B3k R 52 [J]. 00 5 R, 2024, 47 (6) .
94-99.
MA ZH W,ZHOU F Q, WANG SH H. Research on
ORB-SLAM2 Dim
LJ 1
Technology, 2024,47(6) :94-99.
BRI E R LA S R E VIO S8 ALK B S R
BRAE ML AL 7 vk LT Sk 0 L R 2023,
42(4) :23-30.
XIE B, ZHANG G L, LI X, et al
method for positioning accuracy and tracking stability
vio [ ] 1.
Technology,2023,42(4): 23-30.
TR 5 — 4 BRER . kTR B AR S I AL B TR I L
5 BB g B R (). AR AR S 4l 2023, 44 (7))
214-241.
ZHANG Y, WU Y Q,

of visual

Adaptive Algorithm in

Environment Electronic Measurement

Optimization

of  monocular Foreign  Electronic

CHEN

simultaneous

H X. Research
progress localization and
mapping based on deep learning[J]. Chinese Journal
of Scientific Instrument, 2023,44(7) . 214-241.
PAGAD S, ARARWAL D, NARAYANAN S, et al.
Robust method for removing dynamic objects from
point clouds[ C]. 2020 IEEE International Conference
on Robotics and Automation (ICRA) IEEE, 2020:
10765-10771.

ZELLER N, QUINT F, STILLA U. From the
calibration of a light-field camera to direct plenoptic
odometry[J]. TEEE Journal of Selected Topics in
Signal Processing,2017,11(7): 1004-1019.

[17] RUS R B, COUSINS S. 3D is here: Point cloud
library(pcl) [CJ. 2011 IEEE International Conference
on Robotics and Automation, 2011: 1-4.

HORNUNG A, WURM K M, BENNEWITZ M,

et al. OctoMap: An efficient probabilistic 3D mapping

[18]

framework based on octrees[ ]J]. Autonomous Robots,
2013, 34. 189-206.
LI G, YU L, FEI SH. A binocular MSCKF-based visual

inertial odometry system using LK optical flow [ ]J].

[19]

Journal of Intelligent &. Robotic Systems. 2020,
100(3): 1179-1194.

STURM J, ENGELHARD N, ENDRES F, et al. A
benchmark for the evaluation of RGB-D SLAM
systems[ CJ. 2012 IEEE/RS] International Conference
IEEE. 2012.

[20]

on Intelligent Robots and Systems,
573-580.
& & v
EBE MR F R T M A PLEE AL SE SLAM,
E-mail: w2380694886(@163. com
M= FGEEEZ  HBR H LA L, EE0 R
AL NBR 58 e .
E-mail:002105@nuist. edu. cn
AR AR L RF ST AR L E BRSO I LS N B AR R
E-mail: zhangbq1822@163. com
Bt hB &, A - B 5T AR, AR ST 5 10 R LA N H AR R ER
E-mail:1073979365@ qq. com
BB A AR, R T 0 LA
EHE.
E-mail:3930997927@ qq. com

* 159 -



